Introduction
A dom inant feature of the inorganic chemistry o f manganese is the variety of complexes that can be made with different oxidation levels ( + 11-+ IV) of the manganese, and living systems have utilized this property in that manganese-containing en zymes are involved in many diverse redox func tions [1] . The biological function that has generat ed most interest is the photosynthetic oxygen evolving complex of Photosystem II (PS II) in which it is generally believed that four manganese atom s are involved. The EXAFS studies have re vealed that there is a binuclear M n2 unit (M n -M n = 2.69 Ä) bridged by oxide ligands (M n -O = 1.75 Ä) and with peripheral 0,N -based ligation (M n -L = 1.98Ä) [2] , Recent refinement o f EX AFS data indicate the possible presence of addi tional Mn atoms separated -3.3 Ä from the binu clear unit (M n -M n = 2.69Ä), either as (i) two "m ononuclear" sites, or (ii) an additional binu clear M n, unit, yielding a dimer-of-dimers. Much of available data seem to be interpreted by a dimer-of-dimers structure [3] , in which two dimers are assumed to be electronically isolated from each other [4] , In this study we have observed that the binuclear M n2(III/IV) complex, [M n20 2(2,2'-bipyridine)4]3+ interacts with several binuclear M n2(II/II) complexes electronically in a dilute ace tonitrile solution. These may give an im portant key to elucidate the magnetic behaviour o f the manganese cluster in PS II, and also the electronic nature of an additional binuclear M n, unit. ESR spectra were obtained with a JEOL ESR apparatus model JES-FE-3X at liquid nitrogen tem perature using X-band.
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Results and Discussion
In Fig. 1 the absorption spectra of [M n20 2(bip)4](C104)3 (bip = 2,2'-bipyridine) and [M n2(L-py)(CH3COO)2]PF6 are shown. The spec trum o f the form er complex is consistent with that previously reported one [5] , and this does not change within two days. No absorption band was observed for the latter binuclear M n(II) complex. It should be noted here that the spectral property of the mixed solution, (equal volume o f two com plex solutions are mixed), is not equivalent to the average o f the two species (cf. trace C in Fig. 1 ), and that it changes with time as shown in Fig. 1 . This demonstrates that an electronic interaction occurs between the two com pounds in solution. The rate o f the spectral change was accelerated by increased concentration of the complexes, sup porting the above assumption. The reaction may be written as,
The form ation of M n2(II/III)-acetate may be supported by the increase of absorbance in the range 580-620 nm in the mixed solution, because the M n2(II/III)-acetate exhibits absorption bands at 620 nm [9] (cf. trace G in Fig. 1 ), although the spectral feature of binuclear M n2(III/III) com pounds, e.g., [Mn20 2(bip)4]2+, is not yet known [10] . The " 16-line ESR signal" o f the original M n2(III/IV) species has disappeared in the mixed solution, as shown in Fig. 2 . This is also suggesting In this case, the rate of decrease o f the absorb ance at 800 nm of [Mn20 2(bip)4]3+ is more rapid than that with [M n2(L-py)(acetate)2]+, implying that the chloride ion plays some role in the elec tron transfer reaction between two compounds. The electrochemical data reveals that the chloride complex is less oxidizable than the corresponding acetate complex (cf. Fig. 4 ; the oxidation poten- tials from M n2(II/II) to M n2(II/III) states are +0.54 and +0.74 V vs SCE for acetate and chlo ride complexes, respectively). However, an elec tronic interaction was not observed between the binuclear manganese(II) and the M n2(III/IV) com plexes with di-//-oxo bridge containing the ligands, such as cyclam [6] , tris(2-pyridylmethyl)amine [11] , and N,N'-bis(2-pyridylmethyl)-l,2-ethanediamine [12] . The electrochemical data revealed that the reduction potential, M n2(III/IV) to M n2(III/ III), of the latter three com pounds are not so dif ferent from that with the 2 ,2'-dipyridine ligand (see Fig. 5 ).
The chloride ion plays a role in the electronic interac tion between these two manganese compounds. The chloride ion has been known to be an essential cofactor for oxygen evolution since the early ex periment of W arburg some 40 years ago [13] . C ldepletion causes a complete and reversible inhibi tion of oxygen evolution, but its intrinsic role in the photosynthetic oxygen evolution has not been elucidated yet. Very recently Ono et al. [14] have observed that in the S2-state a minor change in the environment of Mn, such as induced by replace ment of Cl" by S 0 42~, results in loss of the multiline ESR signal even though the oxidation state of the Mn cluster is proposed to be the same, and the readdition of Cl~ to such sample in the S2-state re sults in the formation of the multiline ESR signal. These facts are suggesting that the chloride ion plays an im portant role in the appearance of the multiline ESR signal of the S2-state, which may be due to an electronic interaction between Mn atoms in the presence of Cl~ ion. The above assumption is supported by the present results, and thus our results may help to elucidate the function of Cl~ ion in the oxygen evolution reaction in PS II.
